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Guayule produces both ethanol and water-soluble fructans. The water-soluble fructans act as a 'true' carbohydrate 
reserve. When the demand for carbon increases greatly, the water-soluble fructans are readily depolymerized. The 
ethanol-soluble fructans are quickly metabolized providing a readily accessible carbohydrate source. They are 
extensively depolymerized at bud break and flowering. The polymerization of water-soluble fructans occurs in 
November/December and during the winter months. This is indicative of the availability of excess fructose at these 
times. The mature stem and roots appear to be primary sites of fructan storage, with the supply in the roots being 
the least accessible. Starch, which occurs primarily in the leaves, is apparently involved in sucrose storage. 
Guayule produseer beide etanol- en wateroplosbare fruktane. Die wateroplosbare fruktane dien as 'ware' kool-
hidraatreserwes. Wanneer die behoefte aan koolstof drasties toeneem word die wateroplosbare fruktane geredelik 
gedepolimeriseer. Die etanoloplosbare fruktane word vinnig gemetaboliseer en dien as 'n geredelik beskikbare 
koolhidraatbron. Hulle word grootliks gedepolimeriseer gedurende knopgroei en blomvorming. Die polimerisering 
van wateroplosbare fruktane geskied in November/Desember en gedurende die wintermaande. Dit dui op die 
beskikbaarheid van 'n oormaat fruktose gedurende hierdie tye. Die volwasse stingel en wortels skyn die hoof-
stoorplekke van fruktaan te wees. Die voorraad in die wortels skyn die mins toeganklike te wees vir gebruik. 
Stysel, wat hoofsaaklik in die blare voorkom, blyk betrokke te wees by die stoor van sukrose. 
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Introduction 
Sucrose is usually not stored for any length of time in the plant 
and is either complemented or replaced by other forms of 
carbohydrates (Keller 1989). Parthenium argentatum Gray 
(guayule) is no exception. It accumulates both starch and 
fructans. Fructans are polymers of D-fructose carrying a D-
glycosyl residue at the end of the chain attached via a (2 - 1) 
linkage as in sucrose (Marchessault et al. 1980). These reserve 
carbohydrates occur primarily in the Compositae, Liliales 
(Smouter & Simpson 1989) and Gramineae (Smith 1986). 
Their natural functions were well reviewed recently (Hendry 
1993). 
In guayule, fructans and rubber accumulate simultaneously 
in the winter while starch accumulates from spring to autumn 
in the leaves and sometimes in the young stem (Kelly & Van 
Staden 1991). Application of [14C] sucrose and e4C] fructose 
to guayule plants indicated the utilization of sucrose for the 
synthesis of rubber, and fructose for the synthesis of resin, 
during the winter months (Kelly & Van Staden 1993). Guayule 
therefore metabolizes these free sugars differently. 
In an earlier study it was proposed that fructans are depoly-
merized to provide carbon for rubber synthesis (Kelly & Van 
S taden 1991). It was subsequently shown that fructose and 
fructans are partitioned into resin production throughout the 
year, whereas sucrose is utilized for growth and rubber produc-
tion in winter (Kelly & Van Staden 1993). Fructans also pro-
vide an additional carbon source for growth in spring (Kelly & 
Van Staden 1993). In this paper the concentrations of free 
sugars, starch and fructans were determined in an attempt to 
clarify the role of these carbohydrates during growth and 
flowering of this rubber-producing plant. 
Materials and Methods 
Plant material and growth conditions 
Uniform, intact two-year-old guayule plants WI0 (A48118) were 
grown in plastic pots in bark medium. Plants were watered daily 
and fertilized at regular intervals. Plants were harvested between 
09:00 and 10:00 to minimize diurnal variation in carbohydrate 
content. Upon harvest, plants were divided into leaves, stems and 
roots. All plant components were frozen in liquid nitrogen and 
lyophilized in a freeze-dryer. Once dried, samples were ground to 
homogeneous powders in a Wiley mill, and stored at -lOoC until 
required for analysis. 
Extraction, separation and identification of fructans 
One gram dried leaf, stem or root material was extracted in 50 ml 
water or in 50 ml 80% ethanol (v/v) at room temperature, over-
night. The following day samples were filtered through Whatrnan 
No. 1 filter paper and the residue was retained for starch analysis. 
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Figure 1 The phenology of pot-grown (A) and field-grown (B) 
guayule plants. BB, budbreak; FI , first flowering flush; F2 , second 
flowering flush. 
194 
The filtrate was clarified by adding a saturated lead acetate 
solution to the water/ethanol filtrates, to precipitate the proteins. 
The resulting solutions were filtered through double Whatman No. 
1 filter paper into flasks containing 2 g sodium oxalate which 
precipitated the excess lead (Traub & Slattery 1946). This filtrate 
was filtered through double Whatman No.1 filter paper, reduced 
to dryness under vacuum at 45°C, and then redissolved in 10 ml 
iso-propanol (10% v/v). Samples were centrifuged at 10000g for 
20 min and the supernatant was retained and filtered through a 
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Figure 2 Total fructose in the water-soluble fraction extracted 
from the leaves, young stems, mature stems and roots of guayule 
from January to December. Bars represent standard errors. 
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Figure 3 The pattern of accumulation of water-soluble fructans 
in the leaves, young stems, mature stems, and roots of guayule 
from January to December. Bars represent standard errors. 
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0.22-..... m Millipore filter. 
Total fructose was determined colorimetrically using a mild 
acid hydrolysis followed by the ketose-specific resorcinol-HCI test 
(Roe 1934; McRary & Slattery 1945). Sucrose was then hydrol-
ysed by yeast invertase (Brocklebank & Hendry 1989), and the 
resulting free fructose and glucose destroyed by boiling in NaOH 
(Pontis 1966). The remaining fructan polymers were hydrolysed 
using the resorcinol-HCI test. Absorbance was determined using a 
spectrophotometer (Beckman DU 60 series) at 520 nm. 
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Figure 4 Total fructose in the 80% ethanol-soluble fraction 
extracted from the leaves, young stems, mature stems, and roots of 
guayule from January to December. Bars represent standard errors. 
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Figure 5 The pattern of accumulation of ethanol-soluble fruc-
tans in the leaves, young stems, mature stems, and roots of gua-
yule from January to December. Bars represent standard errors. 
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Fructans were separated by TLC (Cairns & Pollock 1988). The 
polymers were visualized by spraying with a urea phosphoric 
spray (Zweig & Sherma 1972). 
Starch extraction 
The residues from the fructan extractions were dried at 50°C and 
stored at _lOoC until required. Two millilitres HCl (IN) was 
added to 0.1 g residue. This was vortexed and hydrolysed at 94 -
98°C in a water bath for 2 h. Ten millilitres distilled water was 
added, vortexed and then centrifuged at 8000g for 15 min. The 
supernatant was filtered through a 0.45-f.l,m Millipore filter and 
then made up to 20 ml with distilled water. Starch was determined 
using the glucose oxidase test (Ebell 1969a,b). 
Separation and identification of free sugars by gas chroma-
tography 
Aliquots of 100 f.l,l were withdrawn from the iso-propanol solu-
tions of the ethanolic extraction. These aliquots were converted to 
oximes, sililysed, and injected into the gas chromatograph (GC) as 
described by Kelly and Van Staden (1987). Calibration curves 
were determined for glucose, fructose and sucrose by making a 
dilution series of 2, 1.6, 1.2, 0.8, 0.4 and 0.2 f.l,g sugar. These 
samples were run to ascertain the area of the peak corresponding 
with the known concentration of sugar. 
Results 
The phenology of pot- and field-grown guayule plants when 
grown in the southern hemisphere is well defined (Figure 1). 
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This information is provided to orientate the reader. 
In guayule, the concentration of fructose units is of im-
portance as it provides an indication of free fructose and poly-
mers of fructose (fructans). Thus free fructose can be used as 
an indication of the polymerization or depolymerization of 
fructans. The extraction of total fructose in the aqueous 
fraction of the leaves, stems and roots of guayule showed that 
the level of fructose remained stable in the mature stem. 
Seasonal changes were observed in the young stem and roots 
(Figure 2). Increases occurred in March, June, July and 
October (Figure 2). In most cases, these changes were due to 
the seasonal production of water-soluble fructans (Figure 3). 
When the concentration of fructose was determined in the 
ethanolic fraction it was found that the mature stem, once 
again, retained a high but stable level of fructose (Figure 4). 
The concentration of fructose in the roots was lower but still 
remained stable (Figure 4). Increases occurred in February, 
June, July and September in the young stem (Figure 4). Higher 
concentrations of fructose were extracted from the roots than 
from the leaves. A seasonality in production was detected with 
respect to the ethanol-soluble fructans in February, March, 
June, July and September in the mature stem and roots (Figure 
5). The total amount of water-soluble fructans extracted was 
greater than the amount of ethanol-soluble fructans (Figures 3 
and 5). 
Thin-layer chromatographic separation showed that polymer 
length varied throughout the year for both water-soluble and 
ethanol-soluble fructans (Figures 6 and 7) . In the young stem, 
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Figure 6 A diagrammatic representation of the TLC separation of water-soluble fructans in the young stems, mature stems, and roots of 
guayule from January (J) to December (D). 
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Figure 7 A diagrammatic representation of the TLC separation of ethanol-soluble fructans in the young stems. mature stems. and roots 
of guayule from January (1) to December (D). 
polymer length of the water-soluble fructans increased in May, 
June and July and depolymerization occurred In August 
(Figure 6). The size of the fructan polymer remained approxi-
mately the same throughout the year in the mature stem. This 
was supported by the fact that free fructose remained very 
stable throughout the year in the mature stem (Figure 2). The 
largest water-soluble polymers occurred in the roots from April 
to August (during the colder months), and depolymerization 
occurred after budbreak (September/October), coinciding with 
flowering, followed by polymerization in November/Decem-
ber. Depolymerization also occurred in January/February 
which coincided with the second flowering flush. 
In the roots, depolymerization of the ethanol-soluble fruc-
tans occurred from March to June, and again from August to 
October, while polymerization took place from November to 
February (Figure 7). Depolymerization of fructans In the 
mature stem occurred from May to August. Polymer length 
increased in September and was the longest In November/ 
December (Figure 7). The opposite occurred in the young stem 
where the polymer length increased in June/July. decreased in 
August and increased from September to January (Figure 7). 
Associated with the carbon requirement for growth in August 
and September was a depolymerization of all fructans (Figures 
6 and 7), and a reduction in the amount of fructans in all plant 
components (Figures 3 and 5). 
The free fructose present in the young stem (Figure 8B) and 
roots (Figure 8D). decreased dramatically in August. The 
appearance of new leaves resulted in higher fructose levels in 
the leaves (Figure 8A), although the level of total fructose 
extracted from the leaves remained low (Figures 3 and 5). 
Fructose remained the major free sugar in all plant components 
(Figure 8). 
Starch was extracted from the leaves and sterns during the 
first year of growth (Kelly & Van Staden 1991). During the 
second year, starch was extracted from only the leaves while 
levels in the stem were negligible (Figure 9). In both cases, 
elevated levels of starch occurred at the end of summer. just 
before the plants lost their leaves. The second peak coincided 
with bud break and the production of new leaves (Figure 9). 
Discussion 
The specific role of the carbohydrates in guayule is not easily 
determined as there are variable forms of translocated and 
stored carbohydrate, and these display different degrees of 
seasonality. Guayule produces both fructans and starch. Starch 
ensures that short-term diurnal changes in carbohydrate avail-
ability are minimal, while fructans alleviate differences due to 
environmental/seasonal factors (Wagner et al. 1986). Fructans, 
however. are the dominant storage carbohydrate in guayule. 
Fortunately. these fructans are stored primarily in heterotrophic 
sinks like stems and roots which minimize the effect of short-
term environmental changes (Pollock & Chatterton 1988). 
Thus the synthesis of fructans is less affected by colder 
temperatures (production is highest In winter and polymers 
increase in length), while starch is resynthesized once the 
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Figure 9 The level of starch extracted from guayule leaves. 
Levels in the stems were negligible. Bars represent standard errors. 
temperatures increase and new leaves are formed (August/Sep-
tember). 
In guayule, these two reserve carbohydrates fulfil different 
roles - starch is responsible for immediate sucrose storage 
(Kelly & Van Staden 1993), whereas fructans act as 'true' 
reserves. The storage of starch in chloroplasts in the leaves 
confines the role of starch to immediate carbon metabolism, 
while fructans have a greater distribution and therefore play a 
role in immediate cellular metabolism in all tissues. 
The increase in free fructose in young stems prior to bud-
break, and in the leaves after budbreak, suggests that fructans 
provide a readily available source of carbon at budbreak. At 
this stage, levels of both ethanol and water-soluble fructans 
decrease and depolymerization of polymers increase, indicative 
of the increased demand for carbon. Preparation for this event 
begins in March/April when depolymerization of the ethanol-
soluble fructans and polymerization of the water-soluble 
fructans occurs. At no stage was complete depolymerization of 
fructans observed. 
The occurrence of two types of fructan polymers therefore 
ensures that there is always carbon available should adverse 
conditions prevail. Fructans provide the carbon required during 
bud break and flowering, allowing sucrose to be utilized in 
other ways. This is especially important as the photosynthetic 
input is a product of the number of leaves. Under our condi-
tions guayule is left with only the terminal clusters of leaves 
during winter and it is in August/September that an increase in 
leaf production occurs. As the level of fructans produced is 
high, a further potential by-product is produced by guayule. 
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Pollen morphology of Periploca (Periplocaceae) 
R.L. Verhoeven* and H.J .T. Venter 
Department of Botany and Genetics, University of the Orange Free State, P.O. Box 339, Bloemfontein, 9300 Republic of South Africa 
Received 3 January 1994; revised 29 March 1994 
The pollen morphology of all 13 species of Periploca L. was studied. All the species are characterized by pollen 
grains arranged in tetrads. The arrangement of the grains may be rhomboidal, decussate or linear. Linear tetrads 
were only observed in P. acuminata Rahman & Wilcock, P. sepium Bunge and P. aphylla Decaisne. The exine is 
smooth. Exine structure consists of an outer, homogenous stratum (tectum) subtended by a granular stratum. 
Except for small differences which may occur between species in pollen size, the pollen is uniform in morphology. 
Die stuifmeelmorfologie van al 13 spesies van Periploca L. is bestudeer. AI die spesies word gekenmerk deur 
stuifmeelkorrels wat in tetrades gerangskik is. Die rangskikking van die stuifmeelkorrels kan rombo'idaal, kruis-
gewys of linear wees. Lineere tetrades is net in P. acuminata Rahman & Wilcock, P. sepium Bunge en P. aphylla 
Decaisne waargeneem . Die eksien is glad en bestaan uit 'n buitenste hom ogene stratum (tektum) en 'n granulare 
stratum daaronder. Met die uitsondering van klein verskille tussen spesies in stuifmeelgrootte, stem die stuifmeel-
korrels in morfologie ooreen. 
Keywords: Periploca, Periplocaceae, pollen morphology . 
• To whom correspondence should be addressed. 
Introduction 
The Periplocaceae and Asclepiadaceae are two closely allied 
families having several features in common. The former was a 
subfamily of the Asclepiadaceae, but was raised to family 
status by Schlechter (1924), a concept followed by Bullock 
(1957). In both Periplocaceae and Asclepiadaceae the fruit 
consists of paired or single follicles and seeds have comas of 
hairs. The Periplocaceae is commonly distinguished from the 
Asclepiadaceae on the basis of floral characters like translators 
(pollen carriers) and pollen grains united in tetrads in contrast 
with pollinia attached to wishbone-shaped caudicles in the 
Asclepiadaceae. Kunze (1993) described the problem of 
homology between the translators in Periplocaceae and Ascle-
piadaceae and elucidated the hypothesized evolution of the 
asclepiad translator from periplocoid ancestors. Dave and 
Kuriachen (1991) showed that fruit characteristics can also be 
used to distinguish the families. The air chambers found in the 
fruit wall of Asclepiadaceae are absent in Periplocaceae folli-
cles. The sclerenchymatous endocarp of Periplocaceae is 3 -
20 layers thick, whereas that of Asclepiadaceae is 1 - 6 layers 
